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The discovery of distant sources of very high energy (VHE) 7-rays with hard energy spec- 
tra enabled to derive strong upper limits on the density of the extragalactic background 
light (EBL). These limits are close to the lower limits derived from deep source counts. 
A recent re-determination of the EBL contribution from resolved sources at 3.6 fim finds 
Q a higher EBL density, which is claimed to be in conflict with the assumptions utilized 

to derive the EBL upper limits from VHE spectra. Here, it is shown that is possible to 
ly^ recover the canonical F ^ 1.5 intrinsic spectra for such a higher EBL density. 

a 
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1. Introduction 

^\ In the recent years, the discovery of distant sources of VHE 7-rays with hard energy 

2^ spectra has successfully been used to constrain the density of the EBLliiHEl VHE 7- 

rays interact with low energy photons from the EBL at ultraviolet (UV) to infrared 
(IR) wavelengths via the pair-production process and are effectively attenuated.!^ 
With assumptions about the intrinsic spectrum emitted at the source upper limits 
on the EBL density can be derived. Recent papeiP, utilizing a maximum hardness 
of the intrinsic spectrum of F < 1.^ found an EBL density close to or at the level 
of the lower limits. 

Lower limits on the EBL density can be derived from source counts in the UV 
toIR)MlThe conversion from number counts to integrated EBL fluxes is not trivial, 
since the total flux from the sources has to be measured accurately and the incom- 
pleteness of the surveys has to be calculated and corrected for. Other factors include 
e.g. the cosmic variance and the intrinsic diversity of sources/galaxies. Recently, 
Ref. (LW08) calculated the total EBL density from galaxies in deep Spitzer IR 
images at 3.6/xm applying a Monte Carlo Markov chain simulation, also accounting 
for the faint outer fringes of galaxies. Their derived values - T.Gj^J g nWm^^ sr^-'^ and 
9.0lJ'gnWm~^sr~^, depending on the algorithm used to extract the fluxes (Fig. [I]) 
- are in excess of the previously derived lower limit^ and close to the values from 
direct measurement^^. The consequences of higher EBL densities - possibly harder 

^The intrinsic spectrum is described by a power law: dN/dE ^ . 



1 



April 20, 2009 12:20 WSPC/INSTRUCTION FILE mraue'hd-neutrinoVOS 



2 Martin Raue 

intrinsic spectra - have already been discussed e.g. in Ref. [T] Ref. ini(KDI08) argued 
that for the VHE source lES 0229+200 {z = 0.1396), lES 1218+304 (z = 0.182), 
lES 1101-232 (z = 0.186) such a high EBL density should always lead to intrinsic 
spectra harder than T = 1.28 + 0.20. While the deviation of their result with F ^ 1.5 
is not large (l.lcr), we will show here that it is quite possible to construct an EBL 
density, including the higher density reported in LW08, which results in intrinsic 
spectra with F ^ 1.5. 

2. Method and results 

Currently, there are more than 20 extragalactic VHE sources with measured spec- 
tra. For the method to derive EBL upper limit discussed in this paper (maximum 
hardness) only the most distant source with the hardest spectra are relevant.^^l 
We will, therefore, only consider the spectra of the blazars lES 1101-23^^ and 
lES 0229+20CP. In addition, we will also show results for lES 1218+304ifl to fa- 
cilitate the comparison with the results from KDI08. 

For the EBL attenuation calculation we follow the method described in Ref. [TT] 
an arbitrary generic EBL density at z = is defined. The EBL evolution is accounted 
for by adjusting the cosmological density scaling with a factor fevo — 1-2: n{e) 
(1 + z)^~^'"'°. This choice of fevo has been shown to correctly reproduce the EBL 
density evolution up to z '--^ 0.5.'^^'We assume a standard cosmology with ri,„ = 0.3, 
fl\ = 0.7 and h = 0.72. The attenuation per spectrum bin is calculated through a 
weighted average over the bin size, assuming an intrinsic power- law spectrum with 
F = 1.5. The EBL density used is modified version of the one presented in Ref. [11] 
to account for the higher EBL density at 3.6 /zm (see Fig.jlJ. The resulting intrinsic 
spectra are shown in Fig. [2] and the fit results are given in Tab. [l] All intrinsic 
spectra all well fitted with power laws with F ^ 1.5 or larger. Tab. [ijalso gives fit 
results for intrinsic spectra derived by varying parameters of the EBL density or 
the calculation. 

The likely cause of the difference between the results in KDI08 and the ones 
presented here lies in the tested EBL shapes. As discussed in Ref. |2J the intrinsic 
spectrum crucially depends on the exact spectral form of the EBL density. Here, 
especially the slope in the NIR to MIR is important. In addition, accounting for the 
EBL density evolution result in a change in F of the order of 0.2 for z = 0.2. The 
utilized EBL density is low in the mid-IR around 10 /im, but still compatible with 
the lower limits. It would be interesting to repeat the analysis of LW08 at these 
wavelengths. 

3. Conclusion 

In this paper we discussed the implication of the recent analysis of LW08, reporting 
a higher EBL density at 3.6 /im, on the intrinsic VHE spectra of distant sources. 
We find it is still possible to construct an EBL density which results in intrinsic 
VHE spectra with F ^ 1.5 or larger, contrary to some recent conclusions (KWI08). 
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Fig. 1. EBL density utilized in tliis paper (black solid line). Grey markers; EBL measurements 
& limits from Ref. 2; blue markers: results from LW08. 



Table 1. Photon index from the fit of a power-law to the intrin- 
sic spectra for the fiducial EBL density and variations {h: Hubble 
constant, s: scaling factor of the EBL density,/: generic EBL evo- 
lution factor fevo, e: shift of the energy scale). 







lES 0229-f 200 


lES 1101-232 


lES 1218+304 


Fiducial 


1.46 ±0.20 


1.53 ±0.22 


1.63 ±0.40 


h = 


7 


1.43 ±0.20 


1.49 ±0.22 


1.59 ±0.40 


h = 


0.74 


1.48 ±0.20 


1.56 ±0.22 


1.68 ±0.40 


s = 


0.9 


1.56 ±0.20 


1.67 ± 0.22 


1.78 ±0.39 


s = 


1.1 


1.36 ±0.20 


1.39 ±0.23 


1.49 ±0.41 


/ = 


0.0 


1.37 ± 0.20 


1.37 ± 0.23 


1.46 ±0.41 


/ = 


1.0 


1.44 ±0.20 


1.50 ±0.22 


1.61 ± 0.40 


/ = 


1.4 


1.47 ± 0.20 


1.55 ±0.22 


1.66 ±0.40 


e = 


0.9 


1.46 ±0.19 


1.64 ±0.24 


1.73 ±0.41 


e 


1.1 


1.45 ±0.21 


1.45 ±0.21 


1.57 ± 0.38 



While the disagreement is not large, the likely origin is the utilized EBL shape. This 
demonstrates the need of testing a large amount of possible EBL density realization 
to derive limits on the EBL density. Further analysis of the EBL contribution from 
resolved sources at other wavelengths would be highly interesting. 
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Fig. 2. VHE spectra before (gray) and after correction (black) for the effect from EBL attenua- 
tion. The results of a fit of a power law to the intrinsic spectrum are also given. 
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